Small mesenteric resistance arteries and the main branch of the mesenteric artery (outer in situ diameter 115+3 pm [n=76] and >1,000 gm, respectively) wereskinned with 1% Triton X-100. Both preparations were mounted as rings for circumferential force measurement in an EGTA solution (free Ca2', < 10 nM; calmodulin, 0.3 ,uM; pH 6.7). Force-pCa curves were obtained by increasing free Ca2' (0.05 to 30 ,uM but it is not known whether these changes have any repercussion on functional performance of the vascular segment. To our knowledge, comparative functional characterization of contractile proteins in different vascular segments has not been performed.
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Recently, we described a technique for permeabilization of ("skinning") resistance vessel preparations. 7, 8 This allowed for a more direct functional study of the proteins associated with contractility in these preparations. Combining this with a similar experimental approach for skinning larger arteries,9 which have mainly a blood-distributing function, we tried to answer the question of whether the documented different pharmacological and mechanical properties of arterial and arteriolar tissues are accompanied by alterations of the direct regulation of contractile function. ileum, omentum, and vessels were excised as described by Mulvany (diameter, 40 gm) were inserted through the lumen, and the preparation was transferred to the skinning solution (see below). The average length of the arteriolar tissues isolated was 1,190±50 ,um. For biochemical assays, microarteries (diameter range as above) were stripped in situ from adhering fat, venules, and connective tissue, yielding between 1 and 6 mg of microarterial tissue that was processed as described below.
The main branch of the mesenteric artery (hereafter designated trunk mesenteric artery), the one immediately branching off the aorta, was dissected free for a length of about 3 cm, slid over a stainless steel rod (diameter, 600 gm), and skinned as described below.
Skinning
Both the trunk mesenteric artery and the microarterial preparations obtained from the same animal were skinned and stored in the same batch of solutions to minimize possible differences of reactivity associated with the inherent small batch-to-batch variation of composition of the solutions. Skinning was performed as described by Sparrow et al"l with some modifications. Preparations were immersed immediately after dissection in 400-,ul Beckman 7x50 Microfuge tubes containing a 1% Triton X-100 (Boehringer) solution with the following additions (mM): imidazole 20, EGTA 5, dithioerythritol (DTE) 1 Transverse rings (767±25 ,gm width) were cut from the trunk mesenteric artery, which was stored as one piece. Two 40-,uim stainless steel wires were inserted through the lumen of the preparation, which remained immersed in the glycerin solution. Microarterial preparations were not further divided and were isometeric force measurements of both types of preparations was according to Boels et all with some modifications. Briefly, the wires were affixed with cyanoacrylate to the specimen holders, which were made of stainless steel. The glue did not come into contact with the tissue itself. One of the specimen holders was already attached to a support rod, and the other was immobilized during mounting and thereafter glued to a rod, extending down from a Horten AME 801 displacement transducer. Both the fixed rod and the transducer were attached to micromanipulators, allowing adjustment of the luminal wires so they were parallel.
The microarteries were stretched so their internal circumference (calculated as in Reference 1) yielded a value equal to the outer circumference in situ during the dissection (112+10 gm). The conduit arteries were stretched to 3,079+7 ,um internal circumference. Preliminary experiments showed that, for both preparations, the circumferences after the above-described stretch procedure corresponded roughly to the length for maximal isometric force development. Both preparations were briefly immersed in a relaxing solution without protein additions (see below) to wash off the glycerin solution and then equilibrated for 10 minutes in relaxing solution.
Preparations were exposed to a maximum of five changes of solutions, including the relaxing solution mentioned above and the maximally contracting solution, containing 30 ,uM 10 ,uM) , no calmodulin, and only EGTA. The unphosphorylated light chains were replaced with 4 .M 32P-phosphorylated light chains (calculated assuming monophosphorylation and obtained as described below using chicken gizzard myosin light chain kinase). After incubation, the protein was precipitated with 20% TCA and stored on ice for 10 minutes. The samples were centrifuged, and the supernatant was spotted on filters, treated as described above, and counted with 2 ml Ready Safe scintillation mix (Beckman).
Protein Punification
Calmodulin was purified according to the procedure described by Gopalakrishna and Anderson17 except for the use of bovine testicles instead of bovine brain.
Mixed gizzard light chains were prepared according to Hathaway and Haeberle18 with the omission of the purification steps on DEAE-sephacell and phenyl-agarose columns. 32P-phosphorylation was carried out at 30°C for 45 minutes using -4-5 mg/ml light chains, 2.5 ,uM calmodulin, 0.5 mM CaCl2, 7.5 mM MgCl2, 15 mM ,B-mercaptoethanol, 1 mM Tris (pH 7.5), and 7.9 ,ug/ml myosin light chain kinase, which was prepared as described by Ngai et al. 19 Figure 2B ]). Therefore, h and EDso from both arteries and arterioles were determined from pooled data (per pCa point for at least three observations from tissues obtained from different animals). Figure 1 shows Okadaic acid (M)
Results

Force Measurements
In the next series of the experiments (Figure 3 ), the activity of the Ca2'-calmodulin-dependent myosin light chain kinase was kept constant by incubating both arterioles and arteries at a constant pCa and calmodulin concentration. The activity of the myosin light chain phosphatase was then stepwise inhibited by adding increasing doses of okadaic acid, a phosphatase inhibitor. 22 The resulting increase of relative force occurred at lower concentrations of okadaic acid in arterioles as compared with arteries.
Phosphatase and Kinase Measurements
Assuming that the myosin light chain phosphorylation is the major determinant of contractile activity in smooth muscle in general and thus in arteries and arterioles more specifically,9'22-24 the greater sensitivity of arterioles toward myosin light chain phosphatase inhibition (okadaic acid, Figure 3 ) and myosin light chain kinase activation (changes of exogenously added Ca2' and calmodulin, Figure 2 ) could be the result of different isozymes or different relative concentrations of both enzymes. Because okadaic acid differentiates between different types of phosphatases, the dose-inhibition relation of crude phosphatase extracts of arterioles and arteries was compared by using okadaic acid. Figure 3 shows that no significant differences occurred in the relative sensitivity of arteriolar and arterial phosphatase toward okadaic acid. The okadaic acid dose at 50% inhibition of the crude enzyme extract was significantly lower than the dose needed to induce 50% of maximal force in the arterioles. The absolute phosphatase activity in the arterioles (nmol Pi/g/min) was significantly lower in the arterioles as compared with the arteries (Figure 4 ). extract did not differ significantly ( Figure 5 ). Again, the absolute level of myosin light chain kinase activity (nmol Pjg/min) was higher in the arterial tissues (Figure 4) . However, the ratio of kinase to phosphatase activity in the arteries (the key factor determining the extent of light chain phosphorylation, all other factors remaining equal) was not significantly different from that in the arterioles although the latter tended to be somewhat lower (Figure 4) Figure 6A ). This was confirmed by Western blot analysis ( Figure 6B) .
Discussion
This study directly shows for the first time that a change of contractile function regulation at the actomyosin level occurs as one descends along the vascular tree. Thus an alteration of the blood vessel function from a blood-distributing to a resistanceregulating function is associated with both a change of the sensitivity to the ultimate contractile protein activators (i.e., Ca2' and calmodulin1l125) and a change of the Sm-MHC expression. 6, 26 It has been argued and shown before that the size of the preparations, presently used as resistance vessels, qualifies them as being merely associated with resistance-regulating functions in vivo.12,5 Because the skinning method with Triton removed all membranous structures and destroyed the subcellular organelles as well, there can be no doubt that the present results reflect in one way or another the properties of the contractile proteins of these preparations.8,25
The different Ca2' sensitivities of arterial and arteriolar preparations were thus noted under constant calmodulin concentrations at pH 6.7 and 7.0. The former reflects the most commonly used pH in skinned smooth muscle research, while the latter is closer to the pH that is thought to occur in the intracellular space of intact smooth muscle.27
Because calmodulin appeared to be necessary for introducing contraction (see "Materials and Methods"), it followed that probably the greater part of this protein had already leaked out during skinning and storage. As shown, the different Ca2+ sensitivities did not arise from major changes of hypothetical myosin light chain kinase isoforms. Kinase isoforms have been described,31 but the similar Ca21 sensitivities of arterial and arteriolar myosin light chain kinase argue against such a hypothesis. Likewise, arterial and arteriolar phosphatases probably belong to the same type or have a similar composition. Indeed, the okadaic acid dose-inhibition curve for crude phosphatase extracts was identical for both tissues ( Figure  3 ). Okadaic acid has been shown to inhibit different types of phosphatases to a different extent.32,33 On a weight basis, arteriolar phosphatase and kinase activities were -25% of the activities recovered in arterial tissues. Whether this reflected true differences of absolute concentrations of kinases or phosphatases or whether cell density, absolute myosin content, leak, or other factors play a role is presently not known.
Assuming that the activity ratios of kinase and phosphatase measured in the test tube with an artificial substrate (chicken gizzard light chain instead of guinea pig light chain) in an artificial configuration (in solution instead of complexed to the heavy chain) reflect the activity ratio in both tissues in situ, the light chain phosphorylation level at a given pCa should be identical in both tissues. Measuring in situ light chain phosphorylation for a given pCa as the obvious way to test this hypothesis was precluded by the small amounts of arteriolar tissue (see "Materials and Methods" for dimensions). Furthermore, an identical ratio giving rise to identical levels of in situ light chain phosphorylation requires that neither myosin light chain kinase nor myosin light chain phosphatase is subject to modulations by other factors, which could prevail in one tissue but not in the other. Such processes could include cAMP-or protein kinase C-dependent phosphorylation of myosin light chain kinase (see Reference 34 for additional references). Alternatively, G protein activation might influence phosphatase activity. 35, 36 Under the present circumstances, none of the above-described circumstances is likely to play a role: neither phorbol esters (P.J. Boels and G. Pfitzer, unpublished results) nor GTP-y-S8 has effects on Triton-skinned arteries and arterioles. A significant effect of cAMP-dependent protein kinase on myosin light chain kinase would be precipitated in the kinase assay37 (see also Figure 5 ). It 
